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(54) Process for the production of connedcd mlcragcl particles and artldcs treated with 
connected microget particles 

(57) A process is disclosed for the production of 
connected microgel particles. According to the process, 
starting microgel partrcles having particle sizes of 100- 
0.01 \im and a particle sire distribution whose starxJord 
deviation is not greater than 100% ol a moan par tide 
size of the staning miaogel particles are dispersed in a 
matrix component. The starting microgel partdes are 
soaked with a monomer. The monomer is then polymer- 
ized. whereby the startir>g miaugels are connected 
together. Also disclosed is an artide comprising a base 
material snd a layer of such connected microgel parti- 
cles formed on a surface of the base material. 
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Description 

BACKGROUND OF THE lfMVF;MTiQ N 

a) Held of the Irrv/ention 5 

This invention relates to uniformly connected micfo- 
gel. particles (microspheres), and nfX)re specffically to 
connected microQel partides useful in a wide range of 
fields, tor example, as function membranes, adsorbents. »o 
filter materials, decorative materials and the like. This 
invention is also cxancerned with a process for the pro- 
duction of the connected microgel particles. 

b) pescription of the Related Art ts 

High molecular microgel particles feature minute- 
ness and a wide surface area. Utilization of these char- 
acteristics features has been widely studied to date. 
Further, several methods have also been studied for to 
connecting freely-dispersed microgel partides together 
into a spherical body or an aggregate. No method has 
however been found for the connection of such microgel 
partides into a film- or membrane-like form, because 
microgel particles cannot by themselves be fused or 2S 
connected together. 

SUMMARY O F THE INVENTIONJ 

If it is poKsiWe to form freely-dispersed microgel 3o 
partides into a film- or mentjrane-like shape aftd lurlhcr 
to isotropically connect microgel particles of the corrpo- 
nents together, uttrasmall horrx>geneotis spaces can be 
formed between the so-connected microgel partides. 

Such connected microgel particle bodies are 3S 
expected to show functions unknown to date and are 
expected to provide, for example, novel moeaic charged 
membranes, ton-oxchange membranes, adsofbents, ni- 
ter materials, encapsulating materials, decorative mate- 
rials and the like. This concept, that is, isotropic 4o 
connection of crossllnked microgel panicles has not 
been conterrplated and as a matter of fact, involves 
technical difficulties. 

In one aspect of the present invention, there is thus 
provided a process for the production of connected 4S 
microgel particles, which comprises: 

dispersing, in a matrix component, starling mtoro- 
gel particles having particle sires of 100-0.01 ^m 
and a particle size distribution whose standard so 
deviation Is not greater than 100% of a mean parti- 
cle size of said starting microgel partk:les; 
soaking sakj starting miaogel particles with a mon- 
omer; and 

polymerizing said monomer, whereby said starting ss 
microgels are connected together. 

In another aspect of the present invention, there is 
also provided an artide having a microgel particle layer. 


comprising: 

* a basQ ntaterial. arxi 

a layer of connected microge* particles produced by 
the above process and formed on a surface of said 
base material. 

In a further aspect of the present invention, there is 
also provided a process for the fabrication of a mosaic 
diarged membrane, which comprises: 

providing miaogol particles formed of a cationic 
copolymer containing at least 30 wt.% of 4-vinyl- 
pyridine units: 

soaking said miaogel particles with 4-vinyl-pyrkjina 
rronomer; and 

treating said monomer-soaked microgel partides in 
a matrix component composed of a linear sodium 
styrenesulfonate copolymer to polymerize said 
monomer, whereby said miaogel particles are con- 
nected together. 

According to the present invention, microgel parti- 
des which are evenly and freely dispersed are isotropi- 
cally connected together, thereby providing connected 
microgel partides having conventionally unknown novel 
physical properties, optical properties, physical 
strength, adhesion to a base material, and unikjrm arxJ 
uhrasmall spaces. Further, these connected microgel 
particles can be formed on base materials of various 
sfiniJCK II n tjfiRO rn.'itotuil h;ii;, for oanrn(>lo. n nol-likrr 
shape, it is fXDSsibte to form a film-like or porous rncro- 
gel particle layer conforming in shape with the net-like 
shape. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic roprescxitation of the 
results of a separatk)n test between KCI and glu- 
cose by a membrane obtained in Example 1 ; and 
FIG. 2 is a diagrammatic representation of the 
results of a separatbn test between KCI and glu- 
cose by a membrane obtained in Example 2. 

DETAILED DESCRIPTION OF THE INVENTION AND 
PREFERRED EMBODIMENTS 

f\^icrogel particles useful in the practice of the 
present invention are crosslinked microgel particles 
(microspheres) having (>artide sizes in a rarige of 100- 
0.01 }im. preferably. 10-0.05 |xm. 

Moreover, the particle size distribution of the micro- 
gel partrcles has a standard deviation not greater than 
100% of the mean particle size, with 50% or smaller 
being preferred. Microgel partides with an unduly broad 
partide size distribution, upon connection, result in the 
formatksn of irregular spaces between the microgel par- 
ticles. Such an excessively broad particle size distribu- 
tion is therefore not preferred. It is therefore necessary 
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to limil the particle size distribution to 100% or smaller. 

In addition, a partide size smaller than 0.01 )im 
makes it difficult to maintain the uniformity of miaogel 
particles upon connection whereas a particle size 
greater than 100 ^m leads to difficulty in dispersing 
microgel particles In a matrix. Outside the rartge of 100- 
0.01 ^m. h is therefore difficult to have microgel parti- 
cles connected together and even K connected, the 
thus-connected body has a problem in retaining its 
stfucture. 

Typical examples of morwmers usable for the prep- 
aration of microgel particles can include styrono, artd 
styrene derivatives such as a-methylstyrene and chlo- 
romethylstyrene: (meth)acrytate esters and derivatives 
^hereof, such as methyl (m9th)acrylale. ethyl (malhjacr- 
ylate, propyl (meth)acrylate. butyl (meth)aaylate. lauryl 
(melh)acrylate, stearyl (meth)acrylate, hydroxymelhyl 
(meth)acrylate, hydroxyethyl (methjacrylate. polyethyl- 
ene glycol (meth)acr ylate (polymerization degree of 
ethylene oxide: 2-20). hydroxypropyl (meth)Bcrylate. 
and polypropylene glycol (meth)aaylate: vinyl acetate: 
monomers containing primary to tertiary amino groups: 
pyridinlum-containing monomers and guaternization 
products thereof; and as anionic monomers, nxywmers 
containing a sutfone or carboxylic group which may be 
either in the free form or In a saft form. 

Where a monomer contains a grot|) in a salt form, 
hydrochloric acid. sUfuric acid, phosphoric acid, an 
organic add or the lii«e is used as a pairing ion for a cat- 
ionic group whereas an aliiali metal, ammonia, a lower 
amine, an alKanolamine or the like is used as a pairing 
ion for an anionic group. 

Specific examples of cationic polymera can include 
polyvinylpyridine and its quaternization product. poly(2' 
hydroxy-3*-methacryjoylxypropyttrimethyIammonium 
chloride), polydimethylaminoethyl methacrylate. poly- 
dimethyiaminoelhyl metfiaaylate. and salts thereof. 

Specific examples of ankinic polymers can include 
polystyrenesuHonic acid. poly(2-acryloy1amino-2*meth- 
yipropanesulfonic actd). poly(2-aaylamido*2-pro- 
panesulfonic acid), polymethacryloyloxypropylsulfonic 
acid, polysulfopropyl methacrylate. poly(2-suiroethyt 
methacrylate), polyvinyl sulfonic acid, polyacrylic acid, 
styrene-maleic acid copolymers, and salts thereof. 

Also induded are copolymers of the monomers 
forming the above-described cationic or anionic poly- 
mers as well as copolymers of such monomers with 
other monomers. 

From the above-described nonionic. cationic or ani- 
onic rTX}nomer. microgel particles are produced by a 
process known per se in the art such as soap-free 
polymerization, emiision polymerization, reversed 
phase polymerization or seeded polymerization. To 
allow the resulting microgel particles to retain their 
shapes subsequent to their connection, the miaogel 
particles are produced by choosing a monomer which 
can form a polymer having a glass transition point fTg) 
of 1 0"C or higher, preferably 50"C or higher or having no 
melting point. 


In the present invention, it is preferred to use micro- 
gel par tides whose microsphere-forming polymer is 
crosslinked. Illustrative examples of a crosslinking 
agent for crossiinMng microspheres to form microgel 

5 partk;les can include divinylbenzene, methylenebisacry- 
lamide. ethylene glycol dimethacrylate. 1.3-butylene 
glycol methacrylate. and other tri- and tetratundional 
aaylates These crosslinkable monomers can each be 
used in an amount of 30-O.OS parts by weight, prefera- 

w biy 20 0.1 part by weight per 100 pans by weight of a 
non-crosclinkable rrxsnomer. 

In the present invention, the microgel particles 
obtained as de&aibed above are soaked with a rnor)o- 
mer to conned these partides. This monomer can be 

IS the same as or different from the monomer of the micro- 
gel particles or a mixture of the same monomer and a 
different monomer. It is preferred to have microgel parti- 
des soaked with a monomer mixture which contains the 
same monomer as that of the microgel particles in an 

20 amount of at least 1 0 wt.%. preferably 30 wt.% or more 
based on the whole monomer to be employed for soak- 
ing the rhcrogel partides. 

The amount of the monomer to be employed for 
soaking the microgel partides is 5-2,000 parts by 

25 weight, preferably 10-1.000 parts by weight per 100 
parts by weight of the microgel particles. An amount 
smaller than 5 parts by weight makes connection of 
mk:rogel partides difficult, whereas an amount greater 
than 2,000 parts by weight makes it difficult to achieve 

30 soaking of the microgel particles with the rrxinomer. 
Here, a crosslinkable monomer can be mixed with the 
sonking rrxxiomer . 

A polymerization initiator which is employed for the 
pdymerization of the monomer used to soak the micro- 

36 gel partides Is a polymerization initiator which can be 
dissolved in the monomer. 

Where the soaking monomer is not an ionic mono- 
mer, usable examples of the polymerization initiator 
Include solvent-soluble polymerization initiators such as 

40 2.2'-azobiBisobutyronrtrile. 2,2'-azobis(mcthyl Isobu- 
tyrate). 1.V-azobis(cyclohexane-cartx5nitrile), cumene 
hydroperoxide, dicumyl peroxide, benzoyl peroxide, and 
lauryl peroxide. 

Where tiie soaking monomer is an ionic monomer. 

45 usable examples of the polymerization initiator include 
water-soluble polymerization initiators such as 2.2'-azD- 
bis(2-amidinopropane) dihydrochloride. 2.2-azobis(2- 
amklinopropane)diacetate. 2.2'-azobls(N,N'-dlmethyIe- 
neisobutylamidine) dihydrochloride. ammonium pcrox- 

50 ide and potassium persutfate. When the monomer is 
subjected to seeded polymerization, it is necessary to 
choose a p>olymerization initiator which Is insotutsie in a 
solvent as a dispersion medium for the microgel parti- 
des. 

55 The matrix component is a conventionally known 
polymer. Illustrative examples of the polymer include, in 
addition to polymers formed from the monomers exem- 
plified above with respect to the microgel particles, pol- 
yvinyl alcohol and butyral resins thereof: ethylene-vinyl 
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acetate copolymers, and their saponification products 
and chlorinated products: polyethylene and its chlorin- 
ated pfodix:ts; poiybuladiene: polyisoprene: styrene- 
butadiene copoiymefB: polyvinyl chloride: vinyl chJorJde- 
vinyi acetate copolymers; polyurclhanes; polyethylene, 
polyethylene: polyethylene oxide; polysiitones; polya- 
midee; polyamtde-tmides; polyimidee: celluloee; cellu- 
lose acetate; cellulose acetate butyrate; nitrocellulose; 
ch>tosan and its derivatives: melamine resins; and 
epoxy resins and their derivatives. Regarding the 
arrangement of monomer rrwlaculec In each of such 
copolymers, the copolymer can be a rarxJom, Wock or 
graft copolymer. 

For the connection of microgel particleG, two proc- 
esses can be mentioned as will be described below. 

As a first process, microgel particles and a matrix 
conponent are mixed in a siitable medium and the 
resulting mixture is then coated on an appropriate base 
nviterial. The thus-coated base material is left standstill 
so that the miaogel partides are allowed to align on a 
surface of the base material. The medium Is then 
removed, whereby the nricrogel particles are fixed in thb 
matrix. The miaogel partides are then immersed in a 
nronomer solution which contains a polymerization initi- 
ator. The microgel particles are hence soaked with the 
monomer. As a result of the absorption of the nx)nomer, 
the microgel particles are caused to swell so that their 
partide sizes become greater. The miaogel particles 
accordingly overlap with each other. When the thus- 
penetrated monomer is polymerized in this state, the 
adjacent microgel particles are connected together at 
points of contact therebetween. 

Inclusion of a crosslinkaUe monomer (polyfunc- 
tional monomer) in the monomer employed for soaking 
microgel particles n^kes it possible to insolubilize the 
polymer by which the microgel partides are connected. 

According to a second process, microgel particles 
are impregnated wrth a monomer in a suitable medium. 
The nx)nomer is then polymerized to obtain a disper- 
sion. This dispersion is mixed with and dispersed in a 
solution of a matrix component. The dispersion so 
formed is coated on an appropriate base material. The 
thus-coated base material Is then left standstill so that 
the microgel particles are allowed to align on a surface 
of the base material. The solvent is then removed to fix 
the microgel particles on the base material. To vapor of 
a good solvent for a polymer formed from the monomer 
penetrated in the microgel particles, a layer of the 
microgel partides is exposed so that the polymer 
formed inside the microgel particles is caused to dis- 
solved out to the surfaces of the partides. Using the pol* 
ymer as a connecting agent the microgel partides are 
connected. 

In each of the above-described processes, the 
matrix which still remains together with the connected 
miOTogel partkiles may be left as is or may be eliminated 
from the connected microgel particles. When the matrix 
is left as is. the matrix can then be crosslinked to make 
it insoluble to solvents. 


In each of the processes described atxTve. the elim- 
ination of the matrix from the connected moogel parti- 
des makes it possible to produce a porous body formed 
of the connected microgel particles. Further, the porous 

5 body so obtained can then be treated with arx)1her 
organic material or inorganic material or pores of the 
porous body can be filled with such a nr^terial. Exam- 
ples of the filer organic material irx^ude the polymers 
exerrplified above as matrix components and liquid 

to crystal materials, whereas amorphous silica and the like 
can be mentioned as llluGtrative Inorganic materials. 

For the insolubilization of the matrix, any usual 
aosslinKing reaction tor high molecules can be 
employed. The matrix can be crosslinked. for example. 

IS by using functional groups of the matrix polymer arxi 
then crosslinking the functional groups together with a 
aosslinking agent. Crosslinkages can be formed, for 
example, using ester borxis. ether bonds, urethane 
tx)nds. quaternization of an amine or pyridine, thioelher 

20 t}onds. or the tike. Usable crosslinking agents irxilude 
polyfunctional compounds which contain one or more 
hydroxyl groups, carboxyl groups, amino groups, pyrid- 
inium groups, epoxy groups, isocyanate groups, mer- 
capto groups. akJehyde groups, acid chloride groups. 

^5 add amido groups or the like. To eliminate the matrix 
from the connected microgel particles, the matrix can 
be extraaed with a good soIverTt for the matrix or the 
n^atrlx can be thermally docomposod. 

A connected body of microgel partides can be 

30 obtained as described above. This connected body can 
be used as is. For example, a mosaic charged mem- 
brann which is obtiiinftd by using cntionic micrognl p«r- 
tides as miaogel partcles to be connected arxi an 
anionic matrix polymer as a matrix component can be 

3s used in the form of the film. 

As an alternative, a product obtained by eliminating 
the matrix component from the above-descrbed mosaic 
charged membrane is useful as an k?n-exchange mem- 
brane. 

40 Further, a layer of a connected body of microgel 
particles, said layer being firmly bonded to a base mate- 
rial, can be obtained when a oorrposltion containing 
unconnected microgel particles artd a matrix compo- 
nent is coated on a surface of the base material, the 

45 m'crogel particles are connected and the matrix corrpo- 
nent is then eliminated. Moreover, removal of the base 
material from such a structure results in a connected 
t>ody of microgel particles, said body being in the form 
of a film defining a number of micropores therein. 

so The above-descrbed connected body of microgel 
particles is a continuous body defining therein uniform 
micropores of about 200-0.001 in diameter. Micro- 
gel partde films defining such rrvcropores therein can 
be used, for example, as encapsulating materials and 

55 additives lor perfumes and pharmaceuticals, in addition 
to adsorbents and filter rtiaterials. 

In the connected microgel particles according to the 
present invention, the microgel particles are regulariy 
aligned so that as an optical property, they cause inter- 
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ference of visible light and produce iridescence. As a 
further application field of connected miaogel particles 
according to the present invention, use of this irides- 
cence also makes ft possible to use the connected 
microgel particfes as various decorative materials. 

The present irvention will hereinafter be desaibed 
more specifically by the following Referential Exarrples 
and Examples, In which all designations of "part* or 
■parts" and are part or parts by weight and wt.% 
unless otherwise specifically irxiicated. 

Preparation Exanx3les of Materials 


w 


60D parts of water and 3 parts of 2.2*'azobis(2-mBthyl- 
propinoamidmo) dihydrochlorkJe, followed by polymeri- 
zation at 70*'C under a nitrogen gas stream for 8 hours. 
The polymeriration mixture was purified from acetone- 
water by the reprecipitation method, followed by drying 
to obtain L-PSSNa. The nurrter average molecular 
weight of the polymer was about 40.000. 

Referential Exarrple 3 

[Preparation of polymethyl methacryiate microgel parti- 
desl 


Referential Example 1 

I 

[Synthesis of microgel particles (C-SPH-P4VP) of 4- 
vinyt (pyridine] 

Charged in a flask were 500 mf. of water. 10 parts 
of 4-vinylpyridine. 1 part of divinylbenzene and 0.1 pan 
of 2,2*-azobi6(2-fnethytprop!rK)amkJinO) dihydrochloride. 
The contents were reacted at 60* C for 8 hours urxler a 
nitrogen gas atrrx^sphece. whereby an emulsion-iike 
reaction mixture was obtained. Purification of this emul- 
sion-like reaction mixture was conducted using a dialy- 
sis membrane made of cellulose. The partide sizes of 
particles so obtained (microgel particles) were meas- 
ured by the dynamic light-scattering method. The mean 
diameter was 270 nm and the standard deviation (S.D) 
was 60 nm. 

[Preparntion of a snednd polymnr] 

Stin'ed in a reaction vessel were 100 parts (solid 
content: 2%} of an aqueous dispersion of the above- 
prepared microgel particles (C-SPH-P4VP). A solution 
consisting of 2 parts of 4-vinylpyridine arxj 0.04 part of 
2.2'-azobistsobutyronitrile was added dropwise to the 
reaction vessel. Ttie contents were stirred for about 6 
hours and then allowed to stand for 3 days, whereby the 
microgel particles were soaked with the above mono- 
mer. 

Urxier a ftefw of nitrogen gas, the contents were 
next heated to 6S*C. at which they were reacted for 10 
hours. The reaction mixture was cooled, arxj the micro- 
gel particles were then purified using a dialysis mem- 
brane. The dispersion so purified has a solid content of 
2.75%. The particle size dlstritxitton of the microgel par- 
ticles was then measured by the dynamic light-scatter- 
ing method. The mean particle size was about 300 nm 
arKi the S.D. was 32 nm. 

Referential Example 2 

[Synthesis of an aqueous solution of an uncrosslinked 
sodium polystyrenesuHonate copolymer: L-PSSNa) 

Charged in a reaction vessel were 72 parts of 
sodium polystyrenesulfonate. 24 parts of acrylamide. 


Charged in a reaction vessel were 30 parts of 
IS methyl methacryiate, 1 .5 parts of hydroxyethyl methacr- 
yiate. 3 parts of divinylbenzene, 0.3 part of 2,2'-azo- 
bi6(2-methytpropinoamidino] dihydrochloride arxJ 500 
parts of water. The contents were polymerized under a 
nitrogen gas stream at 80'C for 8 hours, whereby an 
20 emulsion polymerization product was obtained. This 
emulsion polymerization product was filtered by a pres- 
sure fitter and then washed with water to purify the 
resultant microgel particles. This paste of microgel par- 
ticles was rcdtspersed in water. The particle size distri- 
P5 bution of the microgel par tides was measured by the 
dyr^amic light-scattering method. The mean particle 
size was about 200 nm and the S.D was 30 nm. 

Referential Example 4 

30 

[PfOfMffllion of polystyieno niiciogel pnrliclef;] 

Charged in a reaction vessel were 30 parts of sly- 
rene. 0.3 part of acrylamide. 0.45 part of divinylben- 

35 zene. 4.5 parts of polyvinyipynolidone. 0.45 part of 2.2'- 
azobisisobutyronitrile and 300 parts of etiianol, followed 
by reaction under a nitrogen gas stream for 8 hours. The 
partk:le size disthbutnn of the resultant microgel parti- 
cles was measured by the dynamic light -scattering 

40 method. The mean particle size was 1.500 nm and the 
S.D. was 200 nm. 

Referential Example 5 

45 [Preparation of sodium polystyrenesulfonate microgel 
partk;les] 

Charged in a flask were 10 parts of sodium sty- 
renesultonate, 2 parts of hydroxyethyl methacryiate. 1 

so part of methylenebisacrylamide. 0.2 part of 2,2-azo- 
bis(2-aminopropane)diacetate and 247 parts o1 water, 
followed by polymerization under a nitrogen gas stream 
al60*Cfof 10 hours. After the polymerization, mettianol 
was added to the polymerization rrixture so that the 

55 resultant polymer microgel particles were caused to 
precipitate. As a result of measurement with a scanning 
electron mcroscope. the particle size of the microgel 
partk;les was found to be 30 nm. 
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Example 1 

Mixed were 6.7 parts of the cationic miaogel parti- 
cles (C-SPH-P4VP) (solkJ content: 2.75%) prepared in 
Referential Example 1, 2.13 parts of an aqueous solu- 
tion of the anionic polymer (L-PSSNa) (solid content: 
23.65%) prepared in Referential Example 2 and 0.71 
part of glutaraldehyde (solid content: 50%). The lesull- 
ing mixture was cast on a glass plate arid then dried in 
air. Thereafter, tfie thus-obtained film was treated in an 
atmosphere o1 hydrochloric acid gas tor 3 hours, neu- 
tralised with an aqueous solution of sodium acetate, 
thoroughly washed with water, dried In air, arxJ then 
allowed to stand tor 3 days in an atmosphere of butane 
dtiodide and methanol (crossCnking between P4VP mol- 
ecules). Further, the resulting film was treated for 3 days 
in an atmosphere of methyl iodide, whereby a nwsaic 
charged membrane of about 100 ^m in thickness was 
obtained. 

The results of a separation test between an electro- 
lyte. KCI, and a non-electrolyte, glucose, both at 0.05 
mole//, by the membrane is grammatically illustrated in 
FIG. 1. The membrane permeation rate of KCI was fast 
and the KCI/glucose separation ratio was 25. 

The above-described separation test was con- 
ducted In the following manner. 

Two 75 mi containers were provided. Fifty milliliters 
of a solution of KCI (electrolyte) and glucose (non-cloc- 
trolyte). each at 0.05 mole//, were placed in one of the 
containers, that is. the container A. while 50 mf of 
deionized water were placed in the other container B 
The above -produced mosaic charged membrane was 
held between these two solutjons and. while stirring the 
solutions in both the containers, variations in concentra- 
tion of the components permeated from the container A 
into the container B through the membrane were meas- 
ured. As both the solutions were in equilibrium when the 
concentration of the solution in the container A had 
dropped to 1/2. the concentration of 0.025 moleJl was 
taken as 100%. 

Example 2 

A mosaic charged membrane of atwut 200 g/m^ in 
thickness was obtained in a similar manner as Example 
1 except for the use of a 400 mesh stainless steel 
screen as a support. This membrane had extremely 
good adhesion to the stainless screen, and also showed 
excellent flexibility wrthoul development of cracks 
therein even whan deformed. A separability test 
between KCI and glucose was conducted as in Example 
1. The results are diagrammatically shown in FIG. 2. 

Comparing the results of Example 2 with those of 
Example 1 . the membrane penetrate rale was skjwer 
but the separability was extremely good. The KO/glu- 
cose separation ratio was 100 so that extremely good 
separabilKy was demonstrated. Even in a contirxjous 
test for about 1 month, the permeation of glucose was 
as little as 1% or so. 


Example 3 

The polymathyl msthacrylale miaogel particles 
(6.0 parts) prepared in Referential Example 3 were dis- 

5 parsed in 94 parts of water, followed by mixing tor 10 
hours with 26 parts of a 10% aqueous solution of poly- 
vinyl alcohol ("KURARAY PVA-205'*. troie name; aver- 
age molecular weight: 550 ± 50; product of Kuraray Co.. 
Ltd.). The resulting mixture was cast on an ethylene- 

w vinyl acetate copolymef film so that the mixture was 
formed into a film. This film showed inferlerence colors 
(bluish iridescence) when exposed to visible light This 
means that the pdymethyl methacrylate microgel parti- 
cles are in a regular alignment within the PVA nnatrix. 

15 The film formed as described above was immersed 
for 24 hours in a liquid mixture consisting of 1 8 parts of 
methyl methacrylate, 0.018 part of 2.2*-azobi6-isobuty- 
ronitrile. 200 parts of acetone and 70 parts of water, 
whereby the microgel particles were soaked with the 

20 monomers. The thus-soaked film was then placed in a 
dosed vessel and maintained at SS'C for 8 hours under 
a nitrogen gas atmosphere, so that the morK)mers pen- 
etrated in the miaogel particles were polymerized. After 
the polymerizalbn of the monomers, the film was sub- 

25 jected to the glutal treatment and the hydrogen chloride 
gas treatment The film was therefore converted into an 
integraJ form. This film showed iridescence, Ths irides- 
cent film is useful as a docorativo material and can bo 
bonded under heat to various nnaterials. 

JO 

Example 4 

Tlie polyniettiyl metfiacrytate miaogel particles 
(6.0 parts) obtained in Referential Example 3 were dis- 

35 persed in 94 parts of water. This dispersion was mixed 
with 60 parts of a 10% aqueous solution of polyvinyl 
alcohol. The mixture so obtained was poured irrto a 
shallow glass-made container. A polyester- made non- 
vrt)ven fabric (200 g/m^. thickness: 0.25 mm) was down- 

40 wardly pressed and bonded to the mixture and was then 
left over until dryness. The amount of the dispersion so 
impregnated to the non-woven fabric was about 150 
gAn^ in terms of solids. Charged next to the glass-made 
container was a liquid mixture whk;h consisted of 30 

45 parts of methyl methaaylate. 0.3 part of 2.2'-azobi- 
sisobutyronitrile. 200 parts of acetone and 70 parts of 
water. The above-described non-woven fabric was 
immersed for 24 hours, whereby the microgel particles 
were innpregnated with the monomer. The above non- 

50 vraven fabric was then placed in a reaction flask and the 
monomer penetrated into the microgel particles was 
polymerized under a nitrogen gas stream at 60^0. 
Accordingly, the mk;rogel parddes wee connected 
within the rxxi-woven fabric. The non-woven fabric with 

55 the microgel particle so connected therein was then 
teated with hot water so that PVA as the matrix was dis- 
solved and elinrvnated. A porous material composed of 
the thus-connected microgel particles was obtained. 
The pore size of this porous material was estirr^ted to 


6 


11 


EP 0 760 249 A1 


12 


10 


IS 


be 0.1 fjm or so. so that the porous materiaJ is useful as 
a Hier material. 

Example S 

A mosaic charged membrane making .use of a 
stainless screen as a base material, which had been 
.obtained as in Example 2 except for the substitution of 
PVA for L-PSSNa. was sii^jected to crossJinking treat- 
ment and quaternization with butane diiodlde and 
methyl iodide. The Ihus-cablained nxjsaic charged mem- 
brane was useful as an anion-exchange membrane. 

Example 6 

» 

The sodium polystyrene sulfonate microgel parti- 
cles (3.0 parts) obtained in Referential Exarrple 5 and 
13 parts of a 10% solution of polystyrene ("DIALEX HF- 
77'. trade name: product of Mitsubishi IVtonsanto Chem- 
ical Company) were mixed and dispersed for 10 hours. 20 
The dispersion was coated on a porous ceramk; sheet 
(pore size: 0.5 fim, thicknoss; 2 mm). The dioxane was 
caused to evaporate at room temperature so that a film 
was formed. The coat amount was 300 g/m^ in terms of 
solids. This film was immersed for 24 hours in a liquid 25 
mixture which consisted of 9.0 parts 0I sodium sty- 
renesuHonate. 1 .8 parts of hydroxyethyl methacrytaie. 
0.5 part of methylene bisacryiamide. 0.3 pan of 2.2^20' 
bls(2-aminopropane)djacetate. 100 parts of water and 
35 parts of dioxane, so that the microgel particles in the 30 
film were soaked with the monomers. In a dosed ves- 
sel, the monomers so penctriiled wive sii^jsctftd lo 
seeded polymerization under a nrtrogen gas stream at 
55-C for 8 hours. After the polymerization, the film was 
immersed in a dioxane solution so that the polyetyrene as 
matrix was eiimlnaled. The porous ceramic body 
formed of the connected microgel parUcles obtained as 
described above had anionic property and was useful 
as a separation membrane for calionic substances and 
also as an adsort>ent for cationic substances. 40 


Claims 


1. 


A process for the production of connected miaogel 
particles, which comprises: 

dispersing, in a matrix component, starting 
miCTogel particles having partde sizes of 100- 
0.01 \im and a partide size distrfcution whose 
standard deviation is not greater than 100% of 
a mean partide size of said starting miaogel 
particles; 

soaking said starting microgel particles with a 
monomer; and 

polymerizing said nxxiomer, whereby said 
starting microgels are connected together in a 
matrix. 

A process according to daim 1 . wherein said start- 


45 


so 


ing microgel particles have been formed by copoly- 
merization of 100 parts by weight of a non- 
aosslinKable monomer and 30-0.05 pait by weight 
of a aosslinkable monomer. 

A process according to claim 1. wherein said start- 
ing miaogel particles are soaked with 5-2.000 parts 
by weight of saW monomer per 100 parts by weight 
of said starting microgel particles. 

A process according to daim 1. wherein said mon- 
omer for soaking said starting microgel particles 
contains at least 10 wt.% of another monomer 
which is the same as that constituting &aid starting 
microgel particlas. 

A process according to daim 1. wherein a polymer 
which makes up said starling microgel partides has 
a glass transition point of 10'C or higher. 

A process according to claim 1. wherein said start- 
ing microgel particles are formed of a copolymer 
which contains at least 30 wt.% of methyl methacr- 
ylate or styrene. 

A process according to claim 1 . which conrprises: 

arranging saW first microgel panicles in said 
matrix component; 

soaking said starting miaogel particles with 
said monomer; and 

polymflri/ing snid moooirmr. whfttwhy %H\d 
Starting microgel partides are connected 
together. 

8. A process according to claim 1 . which corrprisee: 

eoakiny said star ting microgol particloG witii 
said rrwnomer; 

polymerizing said monomer into a polymer; 
and 

treating said polymer with vapor of a good sol- 
vent, whereby said starting microgd particleB 
are connected together with said polymer as a 
connecting agent. 


9. 


A process according to claim 1, wherein said start- 
ing miaogel partides have ionic properties. 


10. A process according to claim 1, wherein said start- 
ing miaogel partides ts formed of a cationic poly- 
mer containing at least 30 wt.% of 4-vinylpyridine 
units. 
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A process according to claim 1, further comprising 
elimiriating said matrix component from said matrix 
in which satd connected miaogel particles are con- 
tained. 
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12. A process according lo claim 1 . which comprises 

forming on a base material a layer of a disper- 
sion composed of said starting microgel parti- 
cles and said matrix corrponent; 
soaking said starling microgel particles with a 
monomer: and 
polymerizing said monoma^. 

1 3. A process according to claim 1 . which compr ises: 

soaking said starting microgel particles with 
said monomer : 

polymerizing said monomer into a polymer. 
, thereby providing a polymer-containing mk:ro- 
gel particles: 

forming, on a base materia), a layer with a mix- 
ture of said polymer-containing microgel parti- 
cles and said matrix component; 
treating said layer with vapor of a good solvent 
for said polymer, whereby said •starting mfcro- 
gel particles are ccnnacted together. 

14. A process according to claim 1, further conprising: 

eliminating said matrix component from said 
matrix in which said connected microgel parti- 
cles are cornaJnod: and 

impregnating pores, which have been formed 
as a result of the elimination of said matrix 
component, with another material, whereby a 
new matrix is formed 

15. An artcle having a microgel particle layer, conpris- 
ing: 

a base material; and 

a layer of connected microgel particles pro- 
duced by the process according to any one of 
claims 1-14 and formed on a surface of said 
base material. 

16. An article according to claim 15, wherein said base 
material is a plastic film, a sheet of synthetic paper, 
a Itbroua malei iai. a non-woven fabric, a glaaa prod- 
uct, a china or porcelain product or a ceramic prod- 
uct. 

17. A process for the fabrication of a mosaic charged 
membrane, which comprises: 

providing microgel particles formed of a cali- 
onic copolymer containing at least 30 wt.% of 
4-vinyl-pyridinB units: 

soaking said microgel particles with 4-vinyl- 
pyridine nwnomer: and 

treabng said rronomer-soaked rricrogel parti- 
cles in a matrix component composed of a lin- 
ear sodium styrenesulfonate copolymer to 


polymerize said rrxxxjmer. whereby said 
gel particles are connected together 
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FIG.l 
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FIG.2 
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